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(54) A spark plug for use in an internal combustion engine 


(57) In a spark plug for use in an internal combustion 
engine, an elongated insulator is provided in which a 
center electrode is supported. A cylindrical metal shell 
is provided in which the insulator is supported, and an 
ground electrode extended from the metal shell to form 
a spark gap with a front end of the center electrode. The 
front end of the center electrode has a tapered-off step 
section whose front end surface has a spark erosion re- 
sistant portion, and having a boundary between a co- 


lumnar portion of the center electrode and the tapered- 
off step section. The boundary of the tapered-off step 
section is located into a front end surface of the insulator, 
and a front end surface of the tapered-off step section 
being positioned outside of the front end surface of the 
insulator. The front end of the center electrode defines 
a conoidal configuration positioned coaxially with the 
center electrode, and inscribes a front periphery of the 
insulator while maintaining an apex angle of the conoi- 
dal configuration to be 110 degrees or less. 
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Description 

The invention relates to a spark plug improved so 
as to effectively prevent flashover f rom occurring behind 
a front end surface of an insulator when applying a high s 
voltage across electrodes at the time of ignition. 

In a prior spark plug in which spark discharges are 
induced within an air-fuel mixture gas, an elongated 
center electrode is placed in a tubular insulator, and a 
metal shell which supports the insulator, and a front end 10 
portion of the center electrode faces a front end of an 
outer electrode to induce spark discharges across a 
spark gap provided therebetween. 

In this type of the spark plug as represented by Fig. 
7,the center electrode has a columnar section 100 on is 
which a semi-frusto-cone shaped step section 101 is 
provided which is tapered off toward a front end of the 
center electrode in order to improve an ignitability. On a 
front end surface of the step section 1 01 , a small colum- 
nar portion 102 is provided to reach a front end of the 20 
center electrode. It is well-known that the small colum- 
nar portion 102 is made of a noble metal material such 
as a PWr alloy or the like. 

As foreign prior art references relevant to the 
present invention, U.S. Patent Nos. 4,941,344 and 2s 
4,845,400 are thus far introduced. 

However, in the case in which a boundary 103 be- 
tween the columnar section 1 00 and the the step section 
101 is protracted outside of a front end surface 104 of 
the insulator as shown in Fig. 7, equi-potential curves 30 
concentrate on the front end surface of the insulator so 
as to likely invite the flashover from the boundary 103 
toward a shoulder portion 84 of the insulator as shown 
at (Fo) in Fig. 7, instead of normally inducing spark dis- 
charges across a spark gap between the center elec- 3$ 
trode and the ground electrode. 

This is all the more true for a spark plug which is 
incorporated into a gas engine which uses gaseous fuel 
such as natural gas, synthetic gas, LPG or the like. Be- 
cause this type of the spark plug employs a shorter leg 40 
portion of the insulator and is used with a high compres- 
sion ratio, a high spark voltage is required which is likely 
to invite flashover. 

In the prior art reference of U.S. Patent No. 4 , 
941 ,344, a boundary positions inside a front end surface « 
of an insulator 3. However, the structure is such as to 
induce capacitor discharges between a forward end 41 
of third electrode 4 and a front end of the center elec- 
trode 1 by way of an auxiliary gap S2, thus likely to invite 
the flashover behind a front end surface of the insulator, so 

In the prior art reference of U.S. Patent No. 
4,845,400, a boundary and a taper portion 31 itself are 
located inside a front end surface of the insulator 2. This 
provides a wide space between the taper portion 31 and 
a front inner wall of the insulator 2. The structure is such 
that a greater amount of heat is retain within the wide 
space, thus quickly deteriorating a front end of a center 
electrode. 


Therefore, it is a main object of the invention to pro- 
vide a spark plug which is capable of positively prevent- 
ing the flashover from occurring behind the front end 
surface of the insulator, thereby normally inducing spark 
discharges in the air-fuel mixture gas within a wide 
range of operating conditions. 

According to the present invention, there is provid- 
ed a spark plug comprising an elongated insulator in 
which a center electrode is supported, a cylindrical met- 
al shell in which the insulator is supported, and an outer 
electrode extended from the metal shell to form a spark 
gap with a front end of the center electrode: 

wherein the front end of the center electrode has a 
tapered-off step section and has a boundary be- 
tween a first columnar portion of the center elec- 
trode and the tapered-off step section; 
and wherein the boundary of the tapered-off step 
section is located inside a front end surface of the 
insulator, and wherein a front end surface of the ta- 
pered-off step section is positioned outside of the 
front end surface of the insulator. 

The structure is such that a longer stroke length or 
discharge path is presented for flashover, thus needing 
a higher voltage to invite the flashover so as to render 
it difficult to exhibit the flashover. 

Namely, this means that a higher voltage can be 
maintained between the boundary of the tapered-off 
step section and a stepped portion of the insulator than 
across a spark gap. This leads to always normally in- 
ducing spark discharges across the electrodes without 
inviting unfavourable flashover behind the front end sur- 
face of the insulator when a high voltage is applied 
across the electrodes at time of ignition. 

Locating the front end surface of the tapered-off 
step section outside the front end surface of the insulator 
makes it possible to reduce an annular space between 
a front inner wall of the insulator and an outer surface 
of the tapered-off step section. With the reduced annular 
space, it is possible to favourably transmit heat from a 
front end of the insulator to the tapered-off step section, 
thus preventing the insulator from being excessively 
heated. 

preferably the front end of the center electrode and 
the front periphery of the insulator define a conokjal sur- 
face coaxial with the center electrode, said conoidal sur- 
face having an apex angle of 110 degrees or less. 

The advantages derived from the structure are as 
follows: 

In order to avoid the flashover, rt is necessary to re- 
duce the vortage required to induce the spark discharg- 
es across the electrodes. 

As a means of solving this problem, it is found that 
it is effective to decrease the apex angle of the conoidal 
surface so as to decrease the diametrical dimension of 
the front end surface of the insulator. This leads to al- 
ways exhibiting the normal spark discharges across the 
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electrodes with a relatively small voltage without inviting 
the flashover when a high voltage is applied across the 
electrodes at the time of ignition. 

Preferably the noble metal tip is made of Pt, Ir, Pt- 
based alloy, Ir-based alloy or an oxide of these metals 
containing YgOg or the like as an spark erosion resistant 
portion. The noble metal tip is provided on the front end 
of the center electrode. With the noble metal tip repre- 
sented by these metals and alloys, it is possible to avoid 
an excessive amount of spark erosion so as to contrib- 
ute to an extended period of service life. 

The invention will be more clearly understood from 
the following description, given by way of example, with 
reference to the accompany drawings, in which: 

Fig. 1 is a plan view of a spark plug according to a 
first embodiment of the invention, but its left half por- 
tion is longitudinally sectioned; 
Fig. 2 is an enlarged longitudinal cross sectional 
view of a firing portion of the spark plug of Fig. 1 ; 
Fig. 3a is an enlarged plan view of a firing portion 
of a spark plug according to a second embodiment 
of the invention; 

Fig. 3b is an enlarged plan view of the firing portion 
of the spark plug depicted to describe how a distri- 
bution of equi-potential curves is exhibited near a 
front end surface of an insulator; 
Fig. 4 is a graphical representation depicted to show 
a relationship between a required spark voltage 
(kV) and an apex angle (6) of an imaginary conoidal 
configuration; 

Fig. 5 is a graphical representation depicted to show 
a relationship between a required spark voltage and 
a pressure within a pressure chamber; 
Fig. 6 is an enlarged sectional plan view of a firing 
portion of a spark plug according to a third embod- 
iment of the invention; and 
Fig. 7 is an enlarged plan view of a front portion of 
a center electrode and an insulator according to a 
prior art spark plug. 

Referring to Figs, 1 and 2 which show a parallel- 
electrode type spark plug according to a first embodi- 
ment of the present invention, the spark plug is to be 
mounted on each of cylinders of an internal combustion 
engine. 

The spark plug 1 has a center electrode 3 electri- 
cally connected to a secondary coil of an ignition coil, 
and placed in a combustion chamber (not shown) of the 
internal combustion engine. The spark plug 1 further has 
a tubular insulator 6 which supports the center electrode 
3 therein, and a metal shell 8 which is secured to a cyl- 
inder head (not shown) so as to firmly support the insu- 
lator 6. 

The metal shell 8 is a steel housing, to a front end 
of which an ground electrode 2 is connected by means 
of an electric resistance welding or the like. A front end 
of the center electrode 3 is in registration with a front 


end of the ground electrode 3 to form a spark gap (G) 
therebetween. An outer surface of the metal shell 8 has 
a male thread portion 82 and a hexogonal nut portion 
83 to secure the male thread portion 82 to the cylinder 
; head by working a wrench tool with the hexogonal nut 
portion 83. 

The center electrode 3 is located within an axial 
bore 60 of the insulator 6 with the front end of the center 
electrode 3 reaching the combustion chamber. A termi- 
> nal electrode 4 is provided on a rear end of the center 
electrode 3 within the axial bore 60. Between the center 
electrode 3 and the terminal electrode 4, a monolithic 
resistor powder 51 is encapsulated into the axial bore 
60 in a manner to be sandwiched by an electrically con- 
ductive glass sealant 52, 52. The insulator 6 is air-tightly 
connected to the metal shell 8 by means of a talc powder 

The center electrode 3 has an electrode metal 
which is made of a heat resistant and spark erosion re- 
sistant nickel alloy, and further having a heateonductrve 
core embedded in the electrode metal. The center elec- 
trode 3 is made by integrally cold extruding the electrode 
metal and the heat-conductive core. The center elec- 
trode 3 has a columnar portion 30 placed within the axial 
bore 60 of the insulator 6, and a diametrically enlarged 
flange 35 continuously connected to a rear end of the 
columnar portion 30 so as to engage with a seat portion 
35 protruded from an inner wall of the axial bore 60. 

A front section 31 of the center electrode 3 has a 
tapered -off step section 33 substantially formed into a 
frusto-cone shaped configuration, and integrally con- 
nected to a front end surface of the columnar portion 30. 
On a front end surface 3g of the step section 33, a noble 
metal tip 34 is provided as a discal spark erosion resist- 
ant portion which is diametrically same as a front end 
surface 39 of the tapered-off step section 33. The noble 
metal tip 34 is made of Pt, Ir, Pt-based alloy, Ir-based 
alloy or an oxide of these metals containing an oxide 
such as Y 2 0 3 or the like. The noble metal tip 34 is se- 
cured to the front end surface 39 of the tapered-off step 
section 33 by means of laser beam welding, electrical 
resistance welding or the like. Instead of using the noble 
metal tip 34 represented by these metals and alloys a 
high chrominum tip which is superior in spark erosion 
resistant property, or otherewise a chrominum-based al- 
loy may be used in which ceramic powder is dispersed 
in a chrominum metal. With the use of these materials, 
it is possible to effectively alleviate the spark erosion so 
as to contribute to an extended period of service life. 

Additionally, with the tapered-off step portion 33 
provided on the columnar portion 30, it is possible to 
ensure a large amount of volume of the tapered-off step 
portion 33 so as to facilitate the heat-drawing effect, thus 
preventing the front end of the center electrode 3 from 
being excessively heated. 

The terminal electrode 4 is integrally made of an 
electrically conductive material (e. g., mild steel). The 
terminal electrode 4 has an axial elongation 40 and an 
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annular stopper 43 provided on a rear portion of the axial 
elongation 40 to be diametrically enlarged so as to en- 
gage with a rear end of the insulator 6. On a rearmost 
end of the annular stopper 43, a terminal portion 44 is 
provided to be connected to the secondary coil of the 
ignition coil. The axial elongation 40 has a front thread 
portion 41 to air-tightly engage the insulator 6 against 
an electrically conductive glass sealant 52. 

The center electrode 3 is inserted to the front portion 
of the axial bore 60 with the flange portion 35 engaged 
with the stepped seat 66. Into the axial bore 60, the elec- 
trically conductive glass sealant 52, the monolithic re- 
sistor powder 51 and the electrically conductive glass 
sealant 52 are in turn loaded. After inserting the terminal 
electrode 4, these elements are heated to integrally en- 
capsulate the electrically conductive glass sealant 52, 
52, the monolithic resistor powder 51 and terminal elec- 
trode 4 within the axial bore 60. A talc powder 7 is air- 
tightly provided between the insulator 6 and the metal 
shell 8. 

The insulator 6 is made of a sintered ceramic body 
with alumina (AfeOa) as a main constituent. As an alter- 
native, the insulator 6 is made by sintering aluminum 
nitride (AIN) with an addition of sintering aids. The axial 
bore 60 extends in a longitudinal direction from a rear 
open end to a front open end of the insulator 6. 

The insulator 6, thus far described, has a corrugat- 
ed bar portion 61 which covers the axial elongation 40 
insertted to the rear portion of the insulator 6. The insu- 
lator 6 further has a leg portion 62 which covers a front 
end portion of the center electrode 3, and is exposed to 
the air-fuel mixture gas within the combustion chamber 
of the internal combustion engine. The insulator 6 still 
has a diametrically enlarged body stopper 67 between 
the corrugated bar portion 61 and the leg portion 62 to 
secure the insulator 6 to the metal shell 8. 

The corrugated bar portion 61 defines multi- 
stepped surface to increase the flashover voltage. The 
insulator 6 is firmly supported within the metal shell 8 by 
engaging a stepped portion 68 of the insulator 6 with a 
shoulder portion 84 of the metal shell 8 and caulking a 
rear end 85 of the metal shell 8 against the insulator 6 
by way of the talc powder 7. 

In so doing, a boundary 36 is provided between the 
columnar portion 30 of the center electrode 3 and the 
tapered-off step section 33, and the boundary 36 is lo- 
cated into a front end surface 63 of the leg portion 62 by 
e.g., 0.2 mm - 0.3 mm as shown in Fig. 2. A front end 
surface 39 of the step section 33 is positioned outside 
of the front end surface 63 of the insulator 6. Between 
a front end 37 of the center electrode 3 and a front end 
21 of the ground electrode 2, the spark gap (G) is pro- 
vided. A distance (S) between the front end surface 63 
of the leg portion 62 and the front end 37 of the center 
electrode 3 measures 2.0 mm. The distance (S) corre- 
sponds to that shown in Fig. 3a. 

As understood from the foregoing description, the 
boundary 36 of the step section 33 is located inside the 


front end surface 63 of the insulator 6. That is to say the 
boundary 36 is below the level of the front end surface 
63 as shown in Fig. 2 such that the boundary 36 is within 
the axial bore at the insulator 6. 
s The structure is such that a longer stroke distance 
is presented for flashover, thus needing a higher voltage 
to invite the flashover so as to render it difficult to initiate 
the flashover. Namely, this makes it possible to maintain 
a potential voltage between the boundary 36 of the ta- 
10 pered-off step section 33 and the shoulder portion 68 of 
the insulator higher that is higher than a potential voltage 
that can be maintained across the spark gap (G). This 
leads to normally inducing the spark discharges across 
the spark gap (G) when a high voltage is applied across 
is the electrodes 2, 3 at the time of ignition. By way of il- 
lustration, the spark discharge voltage can be 2 kV be- 
low the flashover voltage according to the first embodi- 
ment of the present invention. 

Figs. 3, 4 and 5 show a second embodiment of the 
20 invention which differs from the first embodiment in the 
following points. 

The distance (S) between the front end surface 63 
of the insulator 6 and the front end 37 of the center elec- 
trode 3 measures 2.0 mm exclusive. In this instance, the 
25 distance (S) preferably measures 1 .5 mm. As shown in 
Fig. 3a, a front end periphery 37 of the center electrode 
3 forms an imaginary conoidal configuration which in- 
scribes an outer periphery 64 of the insulator 6. An apex 
angle (6) of the imaginary conoidal configuration forms 
30 into less than 1 1 0 degrees, preferably less than 1 00 de- 
grees. 

For the purpose of convenience, it is noted that the 
apex angle (G) of the conoidal configuration is taken as 
a topmost angle of a triangle when the conoidal config- 
35 uration is longitudinally sectioned along a plane contain- 
ing a central axis thereof. 

Fig. 4 shows a characteristic curve between a re- 
quired discharge voltage and the apex angle (0). 

A relationship between the required discharge volt- 
40 age and a pressure in a pressurized chamber is de- 
scribed as follows: 

In the spark plug (A) of Fig. 5 in which the distance 
(S) of the center electrode 3 is 2.0 mm, and the boundary 
36 of the tapered-off step section 33 is located inside 
« the front end surface 63 of the insulator 6 by 0.2 mm 
while determining a width of the spark gap (G) to be 1 .1 
mm, it is possible to increase the voltage required to in- 
duce the flashover against the outer periphery 64 of the 
insulator 6 for the same reason as described at the first 
50 embodiment of the invention. In this instance, it is pos- 
sible to increase by 2 kVthe flashover voltage (V1 ) com- 
pared to the flashover voltage (V2) of the spark plug (B) 
in which the boundary 36 of the tapered-off step section 
33 is positioned outside of the front end surface 63 of 
55 the insulator 6 by 0.2 mm. 

Additionally, the apex angle (0) of the imaginary co- 
noidal configuration which inscribes the outer periphery 
64 of the insulator 6 forms into less than 110 degrees. 
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This exhibits the equi-potential curves (Eq) which is 
coarse in density and not so widefy spread outward as 
shown in Fig. 3b, as opposed to the case in which the 
front end surface 63 of the insulator 6 has a greater di- 
ametrical dimension. For this reason, it is possible to 
normally induce the spark discharges across the spark 
gap (G) when the high vlotage is applied across the elec- 
trodes 2, 3 at the time of ignition. This makes it possible 
to effectively avoid the flashover spreading back behind 
the front end surface 63 of the insulator 6. 

In particular, it is possible to operate the spark plug 
without inviting the flashover even when a higher volt- 
age is required to induce the spark discharges across 
the electrodes. For this reason, the spark plug can be 
operated in a highly pressurized combustion chamber 
which requires a high discharge voltage. 

Fig. 6 shows a third embodiment of the invention 
which differs from the first embodiment in the following 
points. 

The third embodiment of the invention is represent- 
ed by a mufti-gap type spark plug 10. The front end of 
the center electrode 3 has the tapered-off step portion 
33 substantially formed into a frusto-cone shaped con- 
figuration. On the front end surface 39 of the tapered- 
off step section 33, the small columnar portion 38 is pro- 
vided whose diameter is identical to that of the front end 
surface 39 of the tape red -off step section 33. On the 
front end of the metal shell 8, a plurality of ground elec- 
trodes 14, 14 are provided whose front ends 15, 15 are 
in registration with a front end surface side of the small 
columnar portion 38. To the front end surface of the 
small columnar portion 38, a discal noble metal tip 34 is 
bonded by means of laser beam welding or plastic work- 
ing as the same manner as described in the first embod- 
iment of the invention. The front end surface 39 of the 
tapered-off step portion 33 is positioned outside of the 
front end surface 63 of the insulator 6. and the boundary 
36 of the tapered-off step portion 33 is located inside the 
front end surface 63 of insulator 6. 

In this instance, the geometrical relationship of Fig. 
3a may be introduced between the imaginary conoidal 
configuration and the apex angle (6). 

This type of the spark plug is particularly useful for 
an internal combustion engine equipped with a distrib- 
utorless ignition device. It is possible to operate the 
spark plug without inviting the flashover even when the 
the required discharge voftage is heightened. For this 
reason, the spark plug can be operated in a highly pres- 
surized combustion chamber which requires a high dis- 
charge voftage. 

It is to be observed that the circumferential bound- 
ary 36 between the step section 33 and the columnar 
portion 30 may be rounded by 0.1 mm or more in terms 
of a radius of curvature (R). With the boundary 36 thus 
rounded, it is possible to heighten the flashover voltage 
which causes the flashover. 

According to the present invention, it is possible to 
step up increase the flashover voftage to such a degree 


as to enable the spark plug to normally induce the spark 
discharges across the electrodes in the air-fuel mixtutre 
so as to ameliorate the ignitability. For this reason, the 
present invention is particularly useful for a gas engine 

* which requires a high discharge voftage due to a high 
compression ratio because it employs gaseous fuel 
such as natural gas, synthetic gas, LPG or the like. 

While the invention has been described with refer- 
ence to the specific embodiments, it is understood that 

io this description is not to be construed in a limrtting sense 
in as much as various modifications and additions to the 
specific embodiments may be made by skilled artisans 
without departing the scope of the invention. 
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Claims 


1. A spark plug comprising an elongated insulator in 
which a center electrode is supported, a cylindrical 
metal shell in which the insulator is supported, and 
an outer electrode extended from the metal shell to 
form a spark gap with a front end of the center elec- 
trode: 


25 


30 


35 


wherein the front end of the center electrode 
has a tapered-off step section and has a bound- 
ary between a first columnar portion of the cent- 
er electrode and the tapered-off step section; 
and wherein the boundary of the tapered-off 
step section is located inside a front end sur- 
face of the insulator, and wherein a front end 
surface of the tapered-off step section is posi- 
tioned outside of the front end surface of the 
insulator. 


2. A spark plug as recited in claim 1 , wherein the front 
end of the center electrode and the front periphery 
of the insulator define a conoidal surface coaxial 
with the center electrode, said conoidal surface 
having an apex angle of 1 1 0 degrees or less. 

3. A spark plug according to claim 1 or 2, wherein the 
front end of the center electrode further comprises 
a small second columnar portion whose diameter is 
the same as that of a front end surface of the ta- 
pered-off step section on which the small columnar 
portion is provided. 


45 


50 


4. A spark plug according to claim 3, wherein the outer 
electrode is in registration with an elevattonal side 
of the columnar portion. 


5. A spark plug as recited in claim 3 or 4, wherein a 
noble metal tip is provided on the small second co- 
55 lumnar portion of the center electrode to be in reg- 
istration with a front end portion of the outer elec- 
trode. 
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6. A spark plug as recited in claim 5, wherein the noble 
metal tip comprises at least one selected from the 
group consisting of Ft, Ir, Pt-based alloy, Ir-based 
alloy and an oxide of these metals containing an ox- 
ide such as Y 2 0 3 or the like. s 

7. A spark plug according to any one of the preceding 
claims having a spark erosion resistant portion on 
the front end surface of the tapered-off step section, 
said portion being said noble metal tip where pro- 10 
vided. 
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Pressure within pressurized chamber 
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